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CLAIMS 



[Claim(s)] 

[Claim 1] aluminum 203 a principal component - carrying out - inside of Zr02 Y203 or « the tetragonal phase 
which contains MgO three to 7% of the weight - substrate for the magnetic heads characterized by coming to contain 
at least one sort in the carbide of Zr, Ti 5 Nb, and Ta, and a nitride 15 to 35% of the weight, including Zr02 ten to 25% 
of the weight. 

[Claim 2] It sets to claim 1 and is a tetragonal phase. Zr02 Substrate for the magnetic heads whose diameter of average 
crystal grain is 2 micrometers or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic-head slider (substrate) ingredient excellent in endurance 

and abrasion resistance. 

[0002] 

[Description of the Prior Art] In order to respond to the request of a raise in recording density which increases in the 
field of a magnetic disk drive in recent years, the thin film magnetic head is spreading quickly. It has the function to use 
that the thin film magnetic head has the structure where the thin film which performs record playback of a magnetic 
signal was formed in the back end side of the slider made from the ceramics, rides on the air laminar flow which a 
slider generates by high-speed rotation (20 - 40 m/s) of a magnetic disk, and surfaces slightly on a magnetic-disk side 
(0.2-4 micrometers), and to perform writing of record, and reading to a magnetic disk. Therefore, at the time of starting 
of magnetic-disk rotation and a halt, since sufficient air laminar flow is not acquired, a slider surely slides with a 
magnetic disk, and it performs the so-called contact start stop (CSS) actuation. Furthermore, even if a slider is 
[ stationary ] under surfacing, it is not avoided that surfacing height and a surfacing posture are confused according to 
external factors, such as vibration and a break in of dust. 

[0003] In order to enlarge recording density, since surfacing height is becoming still smaller, the count to which a slider 
collides with the magnetic disk under high-speed rotation by such turbulence has been increasing increasingly. 
[0004] In order to raise the CSS engine performance from these things, it is important to raise the sliding nature of the 
slider of the magnetic head. Furthermore, the front face of a slider is smooth and it is required that pore does not exist 
and for abrasion resistance to be good. 

[0005] Moreover, as stated above, when carrying out contact sliding, frictional electrification of the magnetic head is 
carried out to a magnetic disk. When this amount of electrifications becomes large too much, a possibility that a noise 
may occur or the flying height of the magnetic head may change is in the signal coil of a magnetic transducer. Then, it 
is desirable to constitute the slider of the magnetic head from an ingredient which frictional electrification does not 
produce as much as possible. 

[0006] Furthermore, the slider of the magnetic head is having very complicated structure as shown in JP,55-163665,A, 
but in order to make the magnetic head of such complicated structure with sufficient productivity, it is required for the 
slider component to be excellent in machinability. That is, it is important that neither that there is no loading to that 
there is little cutting force at the time of processing, a cutting blade, etc. nor a crack nor a chipping arises. 
[0007] The aluminum203 system ceramic is widely known from the point with the plasticity of a thin film good as a 
conventional slider ingredient, and there are also many amelioration proposals. For example, there are some which 
were shown in JP,61- 158862, A, JP,60-231308,A, JP,60-183709,A, JP,60-179923,A, etc. 

[0008] These are all. It is mainly concerned with 20aluminum3 particle, and TiC. It consists of a particle and other 
addition particles, and when the thing of a configuration with good and complicated workability is processed, it is 
indicated that it excels in abrasion resistance, without producing a crack and a chipping. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the above aluminum 203 The slider which consists of TiC is 
inferior to the CSS nature, especially the sliding property which are the engine performance with an important slider. 
Again aluminum 203 is conductivity, in order to make electric resistance small and to lower electrostatic nature, since 
electric insulation is high. It is necessary to contain many TiC(s). A place From the place whose TiC is a high degree of 
hardness If a TiC content is made [ many ], a sliding property will worsen. Moreover, that there are not little the crack 
or chipping at the time of processing the thing of a complicated configuration, either, workability has dropped the 
processing yield and improvement in sliding nature, abrasion resistance, machinability, especially toughness is strongly 
desired more. 
[0010] 



[Means for Solving the Problem] this invention is made that the above-mentioned trouble should be solved — having — 
aluminum 203 a principal component — carrying out - the inside of Zr02 — Y203 — or — Zr02 is included 1 0 to 25%. 
the tetragonal phase which contains MgO three to 7% of the weight (below the same) - The substrate ingredient for the 
magnetic head, especially the thin film magnetic heads characterized by coming to contain at least one sort 15 to 35% 
among the carbide of Zr 5 Ti, Nb, and Ta and a nitride is offered. 

[001 1] This invention is the conventional substrate ingredient, aluminum 203 is used as a principal component, a 
sliding property is good, and it is the tetragonal phase of high toughness and high intensity. Zr02 Dispersion 
strengthening is added and carried out and they are abrasion resistance, Zr good to electrification prevention, Ti, Nb, 
and Ta. The substrate ingredient excellent in the sliding property which consists of a configuration phase which 
distributed one or more sorts of carbide and a nitride, an antifriction family name, and machinability can be obtained. 
[0012] It is the dispersion-strengthening phase of this invention. Zr02 To the inside of it Y203 Or MgO Tetragonal 
phase which dissolved 3 to 7% Zr02 It is necessary to carry out. Y203 It is a cubic, when [ than 7% ] more 
[ monoclinic system Zr02 will increase if there is less MgO than 3%, a micro crack occurs during sintered compact 
cooling, and a mechanical strength falls remarkably and ]. Zr02 Since it increases and reinforcement and fracture 
toughness fall remarkably, it is not desirable. 

[0013] the tetragonal phase which is dispersion-strengthening material ~ 10 - 25% of the rate of occupying to the 
sintered compact which consists of 20aluminum3 principal component of Zr02 is required. At 10% or less, the 
outstanding sliding property, high toughness, and high intensity are not demonstrated, but tetragonal Zr02 is at 25 
more% or more. Zr02 Since reinforcement and fracture toughness fall by the very small crack accompanying the 
transformation to a monoclinic system [ ****** ] 9 it is not desirable. 

[0014] moreover, the tetragonal phase which is the dispersion-strengthening material of this invention - as for the 
diameter of average crystal grain of Zr02, it is desirable that it is 2 micrometers or less, by making it 2 micrometers or 
less, reinforcement and its fracture toughness can improve and it can make machinability and a chipping small. It is a 
tetragonal phase by distributing the particle of an alumina, the carbide of a specific class, and a nitride so that it may 
mention later. Zr02 The grain growth of a phase can be controlled and crystal grain of Zr02 phase can be made 
detailed. 

[0015] The carbide and the nitride which give abrasion resistance and an antistatic function in this invention sintered 
compact are at least one sort of carbide, such as Zr, Ti, Nb, and Ta, and a nitride. It is required to contain in the 
condition of having distributed in the aluminum203-Zr02 configuration phase. 15 - 35% of the content of carbide or a 
nitride is required because of detailed-izing of the crystal grain of abrasion resistance, conductivity, and also tetragonal 
Zr02, its 15% or less is [% ] insufficient conductivity and in respect of abrasion resistance, and at 35% or more, since a 
sliding property will fall if an addition increases, since carbide and a nitride are high degrees of hardness, it is not 
desirable. 

[0016] this invention is constituted aluminum 203 and Y203 — or « the tetragonal phase which dissolved by MgO -- 
the grain size of the raw material of Zr02, carbide, and a nitride requires preferably that mean particle diameter should 
use it by 0.1 micrometers or less. That is because the crystal grain which sinters in 0.1 micrometers or more and is 
generated becomes large, and the smooth nature of the front face of a substrate falls, so it is not desirable. Moreover, 
although other components little as an impurity may exist, it is desirable to make it to 0.1% or less especially 0.5% or 
less. 

[0017] although this invention becomes by the above configuration ~ the ceramic substrate of this invention - 
manufacturing — 0.1 micrometers or less 20aluminum3 powder and Y203 — or — It dissolved by MgO. Zr02 Powder, 
Zr, and Ti, Nb and Ta etc. - predetermined comes out comparatively, one sort of powder of carbide and the nitrides is 
blended, it can mix enough, and can dry and a sintered compact can be obtained using a hotpress. moreover, a binder 
little to the above-mentioned mixed powder — adding ~ a spray dryer ~ corning - this granulation object -- CIP - 
fabricating - the inside of a vacuum or a non-oxidizing atmosphere ~ ordinary pressure sintering and the preliminary 
baking HIP (SinterHIP) - the same effectiveness is acquired even if it carries out capsule HIP (it encloses into a 
capsule). 

[0018] The sintering temperature in the case of performing this hotpress has desirable 1400-1650 degrees C in order to 
influence the engine performance of the ceramics obtained greatly, and since the grain growth of tetragonal Zr02 will 
become remarkable if the sintered compact with it is hard to be obtained and sintering temperature exceeds 1650 
degrees C below 1400 degrees C, it is not desirable. [ a low consistency and ] [ precise ] 
[0019] 

[Function] It mentions above, and as explained, it is the conventional substrate ingredient. Tetragonal phase which 
made aluminum 203 main truss Narai, and was excellent in the sliding property Zr02 It strengthens dispersedly in the 
aluminum203 main phase. Machinability, such as reinforcement and fracture toughness, is made good and it is a 
tetragonal phase. Zr02 Grain growth is controlled. Moderate abrasion resistance and conductivity are given. Zr, Ti, Nb, 
and Ta One sort in carbide and a nitride is distributed and it is thought that the property which was excellent in the 



sjiding property as a thin film magnetic-head substrate ingredient, abrasion resistance, and machinability with these 

interactions is presented. 

[0020] 

[Example] This invention is explained based on an example below. As a raw material aluminum 203 (purity 99.9wt%, 
mean particle diameter of 0.1 micrometers or less), Y203 or powder MgO was made to dissolve 3 to 7%. (99% of 
purity) Zr02 Predetermined boiled comparatively any one sort in the carbide of the mean particle diameter of 0.03 
micrometers, Zr, Ti, Nb, and Ta, and nitride powder (purity 99wt%, mean particle diameter of 0.1 micrometers or less), 
it was blended, and preferential grinding was carried out with alumina balls for 10 hours using the ethanol solvent with 
the ball mill. This mixed powder was dried by the evaporator, and ethanol was extracted, and it dried, and cracked 
lightly. 

[0021] It was filled up with this powder in the graphite mold of a hotpress, the hotpress of the pressure of 350kg/cm2 
and the temperature was carried out under 1400-1650 degrees C and Ar ambient atmosphere for 1 hour, respectively, 
and the sintered compact with a 60mmphix thickness of 5mm was obtained. 

[0022] as the physical properties of a sintered compact — a consistency ~ Archimedes ~ law — measuring - theoretical 
density - **(ing) - relative density - asking - flexural strength JIS R 1601 It measured according to "the bending test 
method of fine ceramics." 

[0023] Moreover, fracture toughness was measured by the SEPB method (Single Edge Pre-Cracked Beam law), 
namely, — JIS R 1601 After preparing the based sample and attaching an indentation by the Vickers indenter press fit, 
the load for putting in a crack beforehand was added and pop in (Pop-in) was detected by the earphone. Then, it colored 
in order to measure crack length beforehand, and the bending test was performed, and breaking load was measured. 
After [ a fracture sample ] measuring crack length beforehand, fracture toughness was searched for by the formula of 
fracture toughness. 

[0024] Vickers hardness was measured with the Vickers hardness meter by 300g of loads using the mirror-polishing 
side of a test piece for bend test. Measurement of specific resistance was measured by 4 terminal method using the test 
piece for bend test. 

[0025] The sintered compact with a 60mmphix thickness of 5mm manufactured by the same approach as the above 
performed the evaluation trial as a magnetic-head slider. 

[0026] Mirror polishing of the obtained sintered compact was carried out, and it cut by diamond cutting off wheel, and 
carried out by observing the detailed chipping of a corner under a microscope. This chipping trial was carried out by 
the infeed of 0.3mm, and feed-per-revolution 5 mm/sec using the resinoid grinding wheel (cutter which has a 30- 
micrometer diamond abrasive grain) with a width of face [ of 0.28mm ], and a diameter of 52mm. When the chipping 
depth does not exceed 2 micrometers, the quality which should do and be substantially satisfied with slider quality of 
effect is maintained, O showed this, and when exceeding 2 micrometers, in the case of ** and a remarkable chipping, it 
was shown as x. 

[0027] Moreover, sliding nature and abrasion resistance were started in the actual thin film magnetic-head 
configuration from the sintered compact, and the CSS trial which makes a magnetic disk contact and rotates a disk 
estimated the property. 

[0028] Sliding nature asked for coefficient of friction by the CSS trial of a disk and a head, O showed what has 
coefficient of friction smaller than 0.5, and what has larger coefficient of friction than 0.5 was shown as x, ** and when 
[ remarkable ] large. Abrasion resistance repeated the CSS trial 10000 times, and evaluated it about the existence of the 
blemish of the sliding surface of a magnetic-head slider. As the example of a comparison It compared using the 
aluminum203-TiC 30% substrate. Each result was shown in Table 1 and Table 2. 

[0029] As shown in Table 1 and Table 2, specific resistance of this invention is also small at high density, and a degree 
of hardness and flexural strength are also high, and it is especially fracture toughness. aluminum2O3-30% TiC 
Compared with a substrate, it is improving by about about 1.5 to 2 times. 

[0030] Eburnation is observed and carried out and most pores at the time of carrying out mirror polishing in the 
evaluation as a magnetic-head slider are chipping-proof nature, abrasion resistance, and sliding nature. aluminum203- 
TiC It excels compared with the substrate and is the optimal as a slider. 
[0031] 
[Table 1] 
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[0033] 

[Effect of the Invention] The magnetic-head slider (substrate) of this invention is aluminum 203. It considers as main 
truss Narai. Zr02 is distributed as dispersion-strengthening material, the tetragonal phase which excelled [ this ] in the 
sliding property - One or more sorts in the carbide of Zr, Ti, Nb, and Ta and a nitride are added, and moderate abrasion 
resistance and conductivity are distributed to homogeneity, and it excels in a sliding property, abrasion resistance, and 
machinability, and has the outstanding technical advantage with small specific resistance and small frictional 
electrification nature. 



[Translation done.] 
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UOsSfcfc, Y 2 03X{i MgOT'Hjf Sftfc Zr0 2 Zr, 

Ti.Nbja m<r>m\M. mitmcooncommmm 

it»B^4>T&ffi^Wi§Ml£H I P (SinterH I 
P) ^T-t/m I P (ar-fc/ufctefJA) LTt>H« 

[0 0 18] i^*vhri/^fcff3«^5«l*aUEtt 
f#*>ftS4r 5 S y ?X<mm:-k% <W5*ht&> 1 4 
0 0-165 OTJj&qM L< . j^aSA<l 4 0 01CH 
TCtt«*A*fi< «#fir*aStttt»Mifc:< < . 1 6 5 
0\;t«i*i:jE*ftZiOi<O«iAlt<0lfi**qH,<'Sri 
(OXlftl<%\.\ 

[00 19] 

ttHllIttfclWrfcU lEfrA Z1O2 attJf»a£ft*0| 
fPU *Katt*»G& »*ttfcfW4 Zr ,Ti .Nb ' 



(3) »HW5- 1090 2 3 

4 

*m.i&thi><r>b%x.btih. 

[0020] 

&t VX AI2Q3 (l$j£99. 9wt%, T*^fiS0. 1 
//mfcTF) , Y203X14 Htf^3-7?oH»S*fc Zr02 
«*(*6K9 956» T^ftSO. 03wm) , Zr ,Ti , 
Nb .TaOMMHiL (ftK9 9wt%, ¥*5*4 

SO. 1 ju mfclT ) cr> 0 %\ xftlfr \ a&Bf£0ffl4 C 

^-^T-ioi^S^^Lfe. :«a^»*i^< 

[0021 ] -y h7*iVX<OlllB«Sl*lK3E 

*UEj3 50kg/cmi , MtfflWl 4 0 0 
-16 5 0-C. Ar#HmTT'lB$^*vh7-iVXL. 6 
0 m m 0 x JP* 5 m m <Offl£te$ f#£ . 

[0022] ^flwo^i Lxmmtriv** Txm 

20 Wt JIS R 1601 r 7 r 4 y-t 7 S y ^ j^Oftlf fiS®& 

[0023] X«fi«fi3tt<4S E P Bi£ ( Single Edge P 
re-Cracked Beam j£) KJ: *)8!l£Ut. BP*> JIS R 160 

30 fe. 

[0024] t'>y^-^.llS{ifltfgeil^affi?9fgffi 
Srfflv^a3 0 0 g(cTty*-^WatK:J: OSOSL 

[0025] ±Mlb flmcUmiZXm? IK 6 0 mm <{> 
x JI^ 5 m m commXW^ -v YX7AV-b LX<D 

[0026] ftbivtzmaftzmmgLxyj tty 

mo. 2 8mm&tMSS5 2mmc0l^i;y-f ( 3 

O/im^r-i'^ffiSiSr^-tl.^-y^-) ^fflV^, flBi* 
0. 3mm, j89*5mm/sec"CSOSLfc. fvt 

^zmm aers -fvia-r^^ a*s «B*r * t 

i^lSrOT'^L. 2jumSr i tit§ii^«iASt^ : Lv^ 
[0027] XS«tt&WBJ^tt«^«t*^HISO 

50 ttfixtzmtiSGtcssimizxviffi&im 
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(4) 



nm¥5- 1 0902 3 



C0 0 28] mmir < t^v VcDCSSt&mz 

£OT'^U MftfffttfO . 5 X V^t,<0{iA&l/ 

t^SrlOOOOSI^jgL., JS^^yK^7^r-c0fi 

-TiC 3 0%S«^ffl^Tifc«SEUc. Z.tl?tl<7y£%t: 
^1 . ^2tc^L)t. 

[0029] *K «2(^3ft*J:3fc*«Wi»**10 



Ah03-3O%TiC «Rfctt^l. 5~2<gg 

[0030] msk^v yxva y-t ixammx-am 
safe Ltzi$&<r)fw,mtL zwmztii'm^t it 
fcO, Wf-yey^tt, fftttttt Ai 2 o 3 -Ti 

[0031] 

[$1] 





4>y Y~f 




No. 


V7MSL 


















(t) 






mmm 




1 


1500 


0 


0 


ft 




2 


1600 


0 


O 


ft 




3 


• 1600 


0 


O 


ft 




4 


1500 


0 


O 


m 




5 


1600 


0 


O 


m 




6 


1600 


0 


O 


m 




7 


1600 


0 


O 


m 




8 


1600 


0 


O 


ft 


#J 


9 


1600 


0 


O 


ft 




1 0 


1600 


0 


O 


ft 




1 1 


1600 


0 


O 


ft 




1 2 


1600 


0 


O 


ft 




1 


1750 


X 


X 






2 


1600 


X 


X 


* 




3 


1600 


X 


A 




« 


4 


1500 


A 


A 






5 


1650 


X 


A 


* 



[00 32] 
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4 . » . % 



(5) ftgfPFS- 1 0902 3 

7 8 



No. 




(ftl) 




m%) 










» 




mm®. 

(KIC, 
MpaV m) 


\i2 *cmj 


flits 
(Kg/mm 3 ) 






AI2O3 


H 
Zr0 2 


mm 




sag 

(Kg/ 
mm ) 




l 


70 


14 


ZrC 16 


1.2 


99.8 


72 


5.7 


8X10' 2 


1520 




2 


60 


15 


ZrC 25 


1.0 


99.5 


70 


6.2 


2X10" 3 


1680 


, t . 

H 


3 


55 


15 


ZrC 30 


0.9 


99.3 


67 


6.0 


lxlO" 3 


1750 




4 


66 


9 


ZrC 25 


1.1 


99.5 


85 


5.4 


3X10' 3 


1650 




5 


55 


20 


ZrC 25 


1.0 


99.6 


66 


6.5 


3X10" 3 


1650 


56 


6 


60 


15 


ZrN 25 


0.9 


99.5 


72 


6.5 


4X10 3 


1720 




7 


60 


15 


T • f or 

uC 25 


0.9 


99.5 


75 


6.3 


lxiO 3 


1760 




8 


60 


15 


TiN 25 


1.1 


99.6 


73 


6.0 


1X10" 3 


1790 




9 


60 


15 


NbC 25 


0.8 


99.5 


81 


6.4 


2X10' 3 


1630 




10 


60 


15 


NbN 25 


0.9 


99.7 


80 


6.7 


2X10* 3 


1550 




11 


60 


15 


TaC 25 


1.1 


99.3 


73 


5.9 


1X10" 3 


1520 




12 


60 


15 


TaN 25 


1.0 


99.2 


70- 


6.2 


1X10' 3 


1550 




1 


70 




TiC 30 


2.5 


99.0 


80 


3.5 


3xl0" 3 


1800 


it 


2 


70 


5 


ZrC 25 


1.5 


99.0 


65 


3.0 


2X10" 3 


1780 


ft 


3 


45 


30 


ZrC 25 


2.0 


99.3 


60 


3.8 


lxlO" 3 


1500 




4 


75 


15 


ZrC 10 


1.7 


99.5 


74 


5.4 


6X10 6 


1450 




5 


45 


15 


ZrC 40 


2.1 


99.0 


56 


4.0 


4X10" 5 


1860 



(an ffiststtfoDZro, ommmm. (am) 



[00331 * mmt*. Zr , Ti . Nb x TaQJKftM, SttO 0 *> 1 ffl 

tt. AI2O3 fc±«jftfifcU £fttcffltotttt«)«ifcjE tt«*g& WftflDlttfcWu B.oifcfi«:*«/hS<*» 
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